For more than one decade, the surface dielectric barrier discharge (SDBD) has been extensively studied in aerodynamic applications as electro-hydrodynamic (EHD) actuators [1] . The SDBD was also largely studied for air pollution treatment due to the lower discharge ignition voltage and the larger contact surface with catalyst than the volume DBD [2] . The propagation and expansion mechanism of discharge on the dielectric surface is the key point for the understanding of the plasma-gas flow interaction. The electric charges deposited on the dielectric surface play an important role in the discharge mechanism, and it has an important influence on the SDBD physics. A lot of works were performed on this topic, for example: the collective effect [3]; self-synchronized breakdown effect due to photodesorption [4] ; the surface potential in a SDBD [5], etc.
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In this work, the spatiotemporal distribution of electric charge in a SDBD in atmospheric air, driven by a sinusoidal high voltage power supply is presented. Thanks to a segmented ground electrode configuration, the electric charge distribution and the surface potential modification during one positive discharge current pulse are measured; the velocity of discharge propagation is estimated. The morphology and the light intensity of discharge are studied by using a fast intensified charge-coupled device camera. The measurements show that the discharge propagation velocity decreasing with the distance to the high voltage electrode, the quantity of deposited charge has influence on the discharge propagation velocity. Close to the high voltage electrode, the deposited charges are partially neutralized by a second discharge.
